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The risk factors for DM-TB comorbidity are represented by male gender, old age, marital status, smoker status, alcohol consumption, physical inactivity, urban environment, crowded areas, insanitary conditions, low educational level and reduced economic status [6] [7] [8] [9] [10] [11] . Patients with DM and TB have a family history of TB, family history of DM, higher body mass index and decreased glycemic control [6, 7] . Also, they are predisposed to pulmonary cavities, hemoptysis and sputum positive at diagnosis, which persist positive after one or two months of treatment [5] . Patients with type 1 DM are more prone to develop TB [12] , although TB is more commonly associated with type 2 DM, given its much higher prevalence [13] . In addition, the risk of TB is higher in patients with insulin therapy, increasing with the dose [14] . Patients with HbA1c ≥ 7% have an increased risk of TB compared with those with HbA1c < 7% [15] , HbA1c being higher also in patients with LTBI [16] .
So far, most studies have been conducted on non-european subjects and the necessity of such studies on european subjects is required because of the low level of information that can be used in the development of medical guidelines regarding the treatment and control of DM and TB. The aim of this study was to assess active TB and LTBI frequency and its risk factors in hospitalized adult patients with DM.
Material and methods
Study design and patients
The study had a cross-sectional design and was conducted in the Department of Diabetes In this study, a number of 503 adult patients with DM were enrolled randomly for screening. Their participation in this study was entirely voluntary. The subject signed an informed consent prior to the enrollment, in full knowledge, after having been informed of all relevant aspects in the decision-making process. Once the eligibility was established, the subject was included in the study and the specific procedures started. Eligible subjects once enrolled in the study were not replaced by others even if they did not complete all of the protocol steps.
The inclusion criteria in the study were: adult patients with DM (aged over 18) who signed the informed consent of patients to be included in the study. The exclusion criteria were gestational or other forms of diabetes.
Laboratory, anthropometric and clinical data collection
Blood and urine samples were collected to study genetic material (DNA or RNA). The samples will be stored for a period of 25 years in order to carry out further research on the basic relationship between DM and TB. LTBI screening was evaluated using the tuberculin skin tests (TST). Active TB screening was performed through chest X-ray, clinical examination, anamnestic data and sputum examination.
The patients participated in an interview in which they were asked questions about their socio-economic, medical and TB status (if they had been previously treated for TB, if they had TB risk factors or symptoms of active TB).
For each patient a record of the following data was made:
− employee, independent, unpaid, student, household, retired, unemployed -able to work), he is living alone/not (who is living with), where he lived (living in his own house, living with his family, rented accommodation), possession of a bank account, the main source of water for drinking and cooking (connection to the public network, private fountain, public source of the city network, public fountain, from neighbors, water vendor, spring, stream, river, lake, pond, rain water, bottled water), type of toilet (tank toilet, traditional toilet, latrine with ventilation, bowl/bucket, without toilet), if he owns a stove, refrigerator, microwave oven, washing machine, air conditioning, fan, computer, TV, DVD player, radio/CD player, camera, mobile phone, bicycle, motorcycle/scooter, car/truck; − Systolic blood pressure (SBP), diastolic blood pressure (DBP); hypertension was defined as SBP ≥ 140mmHg and/or DBP ≥ 90mmHg or if they are taking antihypertensive therapy; − Anthropometric data: weight, height, waist circumference (WC); body mass index (BMI) was calculated; overweight was defined as BMI between 25 and 29,9 kg / m 2 ; obesity was defined as BMI ≥30 kg / m 2 ; WC ≥80 cm for women and ≥94 cm for men defined abdominal obesity; − Positive pulmonary auscultation, the presence of BCG scar; − Screening of LTBI: TST, considered positive at a value ≥10 mm; − HbA1c, hemoglobin; − Albumin/creatinine ratio (ACR), creatinine, uroculture; the estimated glomerular filtration rate (eGFR) (CKD-EPI) was calculated; − Total cholesterol (TC), triglycerides; hypercholesterolaemia was defined as TC ≥200 mg/dl; − Chest X-ray; − Additional investigations -sputum examination: if the patient had productive cough, chest X-ray suggestive of TB or clinical suspicion of active TB, 2 sputum samples were collected, which were microscopically and on Lowenstein-Jensen solid medium culture analyzed; − Mortality and withdrawal from study.
Statistical analysis
The statistical analysis was performed using SPSS Statistics version 22.0 (IBM, Armonk, New York, USA). The data was analyzed according to the type of DM. The Student's Ttest was used to compare the mean values. Twotailed p <0.05 was considered statistically significant.
Results
The general characteristics of the patients are presented in Table 1 . Of the 503 patients, there were more females (52.9%) than males, with higher frequency of type 2 DM (87.5%) than type 1. The mean (±SD) age of the subjects was 57.57±11.99 years. The mean (±SD) DM duration was 9.05±8.13 years, with a mean (±SD) HbA1c of 9.86±2.29%. Most of the patients with type 2 DM (69.5%) had insulin treatment at the moment of the enrollment, the percentage being explained by the fact that the main cause of hospitalization of these subjects was the glycemic imbalance, requiring transient insulin therapy or for a longer period of time. Lifestyle and socio-economic factors are very important both in DM and TB development. Almost half (49.1%) of the subjects were current smokers or former smokers. Also, 61% of patients consumed alcohol in the last 12 months, 10.8% of them daily. Water source, type of toilet, educational level (which may be an important factor in adherence to the recommendation to avoid the contact with infected patients) may sustain the increased number of infected patients (Table 2) . Personal history of TB was present in 4.2% of patients. In addition, 5.3% of subjects reported that they lived in the same house with a person with active TB. TST was positive in 51.5% of patients and 10.7% presented cough for more than two weeks at the time of enrollment, an unspecific symptom, part of the TB symptom screening. During the last 3 months, 48.7% of patients experienced unintentional weight loss which can also be attributed to the glycemic imbalance, 93.6% of the patients being hospitalized for symptoms of hyperglycemia. The chest X-ray revealed lesions that were suggestive for active TB in 1% of the patients and lesions of inactive TB in 22.4% of them (Table 3) .
Discussion
So far, most studies about the association of DM and TB have been conducted in Asia, Africa and the US. There are few studies conducted in Europe, hence the need for researchers to discover new data from this region in order to prevent, early diagnose, and effectively treat these patients. This is the first study conducted in Romania that aimed TB screening among patients with DM. We found an increased frequency of active TB among hospitalized patients with DM, 4 (1%) patients being diagnosed with active TB based on chest X-ray, a much higher percentage than the frequency of new cases of TB in the adult general population of Romania, this being about 0.1% (16, A retrospective study published in 2012 performed on a group of UK subjects pointed out that DM is associated with a threefold higher risk of developing TB [18] . The data comes from the Oxford Record Linkage Study and revealed 12 cases of TB among 7943 patients with DM, which corresponds to a frequency of 0.15%, lower than in our study. We must take into account the incidence of TB in the UK, which is only 8.9/100,000 inhabitants/year, corresponding to 5,900 cases of TB, compared to Romania, where the incidence of TB is 72/100,000 inhabitants/year [3] . Our data was similar with another study conducted in the UK in the 1950's, which revealed a frequency of TB of 1.82% among patients with DM [19] , at that time the incidence of TB in UK being high also in the general population. A study performed in Sweden showed a frequency of TB among patients with DM of 3.6%, much higher compared to 0.88% in the general population [20] .
Our study has limitations. The study participants were only hospitalized patients, in a hospital in Craiova city, and the results cannot be generalized to the entire population of the country. More studies are needed in order to discover additional data regarding the association of DM and TB, researching both TB screening among patients with DM and DM screening among patients with TB.
Conclusions
This study highlights a large number of patients with DM-TB comorbidity. Both DM and TB should receive proper attention, TB screening being necessary in patients with DM, these having nonspecific symptoms. Bidirectional screening programs are required in order to diagnose and effectively treat the patients with DM and TB comorbidity. Preventive measures should be implemented for both DM and TB, some risk factors could be modified by lifestyle changes (diet, smoking cessation, alcohol consumption, exercise), which must be maintained for all the duration of their life.
